Abstract We report the predictions for the 3q core contributions to the electroexcitation of the resonances ∆(1232) − on the proton obtained in the light-front relativistic quark model (LF RQM). For these states, experimental data on the electroexcitation transition amplitudes allow us to make comparison between the experiment and LF RQM predictions in wide range of Q 2 and also to quantify the expected meson-baryon contributions as a function of Q 2 .
Introduction
Recently extensive investigation of the electroexcitation of nucleon resonances has been made in the light-front dynamics, which is known as most suitable framework for describing the transitions between relativistic bound systems. In wide range of Q 2 , electroexcitation on the proton and neutron is investigated in LF RQM [1] [3,4,5,6], the parameters of the LF RQM have been specified via description of the nucleon electromagnetic form factors up to Q 2 = 16 GeV 2 by combining the 3q and pion-cloud contributions in the LF dynamics and by employing running quark mass as a function of Q 2 [3] .
In this talk we present the results for the transitions γ * p → ∆(1232)
where M 0 is invariant mass of the system of constituent quarks, and q i are three momenta of these quarks in their c.m.s. A good description of the nucleon electromagnetic form factors up to Q 2 = 16 GeV 2 has been obtained with the wave functions (3) using the following parameterizations for the running quark mass as a function of Q 2 :
For the resonances, the results for the transition amplitudes obtained with the wave functions (3) and corresponding masses (4) are very close to each other. The role of the running quark mass becomes visible above 3 GeV 2 . At Q 2 = 5(12) GeV 2 , it increases the transition helicity amplitudes by 25% − 35%(100% − 140%) and 10% − 15%(55% − 65%) for the wave functions Φ 1 and Φ 2 , respectively.
We note that while in QCD lattice calculations and Dyson-Schwinger equations we deal with the off-shell quarks, and the quark virtuality is determined by their four-momentum square, in constituent quark models, including LF approaches, the quarks are on-mass-shell objects, and their viruality is characterized by the invariant mass of the quarks, which is incleasing with increasing Q + magnetic-dipole transition form factor and the ratios
1+ , as these observables are commonly used to present the results on the ∆(1232) magnetic-dipole form factor are within limits obtained in the dynamical reaction model [25, 27] , where the bare contribution, that can be associated with the 3q contribution, gives at Q 2 = 0 about 40 − 70% of the total magneticdipole form factor. For the ratios R EM and R SM one conclude that 3q core contribution to R EM will stay small up to Q 2 = 12 GeV 2 , while for R SM it grows in agreement with experimental data and will continue to grow up Q 2 = 12 GeV 2 . The CLAS measurements made possible, for the first time, the determination of the electroexcitation amplitudes of the Roper resonance N (1440) + is the first radial excitation of a three-quark (3q) ground state.
In Fig. 5 , we present the comparison of the LF RQM predictions with experimental data for the helicity asymmetry
− transition. The data, as well LF RQM predictions, show the rapid helicity switch from the dominance of the A 3/2 amplitude at the photon point to the dominance of A 1/2 at Q 2 > 1 GeV 2 . Such behavior was predicted by the nonrelativistic quark models with harmonic oscillator potential [30, 31] . It is reproduced also by the LF RQM.
The approximation of the single quark transition model [32, 33, 34, 35] leads to selection rules, which for the resonance N (1675) 5 2 − result in the suppression of the amplitudes A 1/2 (Q 2 ) and A 3/2 (Q 2 ) on the proton. According to our results, relativistic effects violate this suppression weakly, and we expect that experimental values of these amplitudes should be dominated by the mesonbaryon contributions. In contrast with the proton, the quark core contributions to the electroexcitation amplitudes on the neutron for the N (1675) − . Such pronounced peaks are also characteristic for the meson cloud contributions in the coupled-channels analyses [25, 36] . Concerning the A 1/2 (Q 2 ) amplitude for the
− , we mention that in all coupled-channels analyses the results for the meson cloud contribution are by order of magnitude and Q 2 dependence very similar to our result.
At the photon point Q 2 = 0, the inferred meson-baryon contributions for the N (1400) Table 1 , for these resonances the inferred meson-baryon contributions at the photon point are dominated by the isovector component. R SM (%) Fig. 1 The form factor G M,Ash (Q 2 ) for the γ * p → ∆(1232) 3 2 + transition relative to
, and the ratios R EM and R SM . The solid curves are the LF RQM predictions. The solid circles are the data extracted from the CLAS pion electroproduction data [9] . The results from other experiments are: rhombuses [10, 11] , open circle [12] , and open triangles [13, 14, 15] . − transition helicity amplitudes (in units of 10 −3 GeV −1/2 ). The legend for the curves and data is as for Fig. 3 . − transition helicity amplitudes (in units of 10 −3 GeV −1/2 ). The solid curves are the LF RQM predictions. The solid circles are the amplitudes extracted from CLAS pion electroproduction data [9] , the open circles are the amplitudes extracted from CLAS η electroproduction data [21, 22] , the solid triangles are the amplitudes extracted from JLab/Hall C η electroproduction data [23, 24] − transition helicity amplitudes (in units of 10 −3 GeV −1/2 ). The solid curves are the LF RQM predictions, the dashed curves present inferred mesonbaryon contributions. the dashed-dotted curves are absolute values of the predicted mesonbaryon contributions from the dynamical coupled-channel approach of Ref. [25] , and the dotted curves correspond to quark model predictions of Ref. [26] . The solid circles are the amplitudes extracted from CLAS pion electroproduction data [9] . The solid box at Q 2 = 0 is the RPP estimate [20] . Table 1 Transverse 
